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ELECTRON MICROSCOPY OF POLIOMYELITIS VIRUS
The infectious capacity of poliomyelitis virus has been shown to be associ-
ated with spherical particles approximately 30 mim in diameter.7"0"l'17 The
present study suggests that these particles, like those of other animal
viruses recently studied8'8'9 consist of an outer membranous structure sur-
rounding an internal nucleus-like body.
The ultimate size and shape of small virus particles as they are seen in
shadowed electron micrographs appear to be dependent upon the hydration
of the particles at the time of the first exposure to high vacuum. By the use
of a collodion-over-agar filtration technique it has been possible to prepare
and mount virus suspensions directly from saline media and obtain micro-
scope specimens which are free of salt crystals and osmotic distortion.
Such preparations preserve the three-dimensional structure of the cell-like
particles. Through variations in the drying time, the saline media, and
through inclusion of hygroscopic substances in the media, the degree of
hydration prior to the initial vacuum drying can be altered. Representative
strains of poliomyelitis virus (Mahoney, Type 1; MEF-1, Type 2; and
Saukett, Type 3) have been studied; comparisons of shadowed and un-
shadowed electron micrographs have revealed internal detail and morphol-
ogy within poliomyelitis virus particles.
METHOD
Concentrated poliomyelitis virus preparations containing essentially one type of
particle have been obtained consistently from infectious tissue culture fluids by means
of a combination of alcohol precipitation, Sharples- and ultra-centrifugation. Details
of the purification methods and the characterization of the fully active concentrates
will be the subject of a forthcoming communication. The collodion-over-agar technique
for the preparation of electron microscope specimens is described below; it is based
upon the work of Kellenberger' and the pseudo-replica and agar sedimentation
techniques developed by Sharp.",'
Two per cent agar (Difco-Bacto) in distilled water heated to boiling is filtered
through Pyrex wool into four-inch petri dishes. The agar suspension, three to four
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mm. thick, is allowed to solidify in the open dishes and remain undisturbed six inches
below an ultraviolet lamp (Westinghouse G15T8) for 12 to 18 hours (usually over-
night); during this interval the agar surface hardens considerably and the whole mass
shrinks somewhat. The dishes are then covered and stored at room temperature. They
may be used for several days; satisfactory preparations have been made with agar
six to seven days after the plates are poured; usually, however, such agar has become
too dry to handle well, or mold formation has occurred.
The agar mass is loosened around the rim and the petri dish is then inverted into a
larger petri dish where the circular mass of agar readily drops, exposing the original
agar-to-glass surface. Approximately 1.5 cm. square blocks of agar are cut and picked
up with a Bard-Parker blade or spatula and transferred to individual microscope
slides which are tapped gently on the work surface to seat the agar block. The slide
with the agar block is then placed in a shallow covered dish covering a small open
petri dish of "Drierite," a moisture absorbent, where it is allowed to remain from
five to ten minutes; this hardens and surface-dries the freshly exposed agar surface.
The agar block is then flooded with a drop or two of collodion diluted one to ten
in freshly distilled amylacetate, and immediately placed in a vertical position to drain.
After about 30 seconds the excess of collodion collecting on the lower edge of the
agar block is picked off with a torn filter paper edge. After drying for five to ten
minutes the slide with the collodion-covered blocks is placed horizontally and a small
drop of the preparation to be examined is applied by allowing it to fall on the col-
lodion surface from a fine-tipped pipette. If the collodion film is reasonably intact,
the drop will stand up well initially and gradually begin to flatten after a minute or
two. The preparation is left undisturbed for three to four minutes and then all but a
slight film of moisture wetting the surface is picked off with a torn edge of a piece
of filter paper, care being taken not to touch the collodion. The collodion surface
dries rapidly, or rather the fluid and salts diffuse into the agar below the collodion,
leaving all particulate and nondiffusible material on the collodion surface.
As soon as the last trace of fluid sheen disappears from the collodion surface, the
position and area occupied by the original drop of fluid is still readily distinguishable
by the slight elevation of the collodion; this area is watched carefully and as soon as
it appears to flatten out and become confluent with the surrounding area, the edges of
the agar block are quickly cut vertically on all four sides with a sharp knife, reducing
the over-all size of the block to approximately one square centimeter. The area
occupied by the sample drop is kept approxiately in the center of the block and the
collodion film is quickly floated on a clean water surface. A gentle breath on the
floated square of collodion locates the specimen area and this is picked up from below
in the center of a loop slightly larger than a specimen screen (111 mm. o.d. x 5 mm.
i.d. brass washer soldered to wire handle). After lifting the collodion film from the
water surface the loop is held in a vertical position and the fluid wetting the surface
is led off carefully by capillarity into a torn edge of filter paper; the collodion itself
must not be touched. The film is then lowered, specimen side up, upon a specimen
screen previously placed upon the upper end of a stainless steel (s.s.) peg. The film
should be lowered as nearly parallel to the screen as possible. It should be emphasized
that the contact of the square of film with water after the initial drying is only a
matter of seconds, with the virus particles on the upper surface of the film away
from actual contact with the water.
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The upper end of the A-inch s.s. pegs 8 inches long used to support the screens
are turned down to a '4-inch diameter for approximately % inches. The subsequent
transfer of the collodion-coated specimen screens to specimen caps is accomplished by
placing the cap over the screen and peg, inverting, and lifting the peg out. The pegs
are mounted in rows of three to six in snugly fitting holes drilled in short pieces of
¼2-inch square bar stock.
The preparations may be metal-shadowed or examined directly; shadowing is done
in this laboratory with the screens on their respective pegs. In fact, for optimal results
in retaining the three-dimensional structure of the particles no more than three speci-
mens are made at a time, and the pegs carrying the screens in the bar-stock mounts
are transferred as soon as possible after being picked up from the water surface to
the vacuum chamber of the shadowing equipment.
RESULTS
Figure 1 shows a representative electron micrograph of purified polio-
myelitis virus, Type 1 Mahoney strain, prepared as described. It is evident
from the shape of the shadows that the particles are essentially spherical.
The average particle diameter from the measurement of several hundred
individual particles is 29.2 m,u based on direct internal calibration with
polystyrene latex. The quotient of shadow length divided by particle
diameter for polystyrene latex particles is 4.9; the corresponding ratio for
virus particles on the same negative is 4.8. The virus preparation used to
prepare the specimen screen of Figure 1 is suspended in Ringer solution,
but the type of salts or the concentration present in the media, up to
physiological molarities, is not critical. Equally good microscope prepara-
tions of strains belonging to all three poliomyelitis virus types are obtained
routinely from normal physiological saline buffered at pH 7.2 with 0.05 M
phosphate.
In Figures 2 and 3 are shown unshadowed and shadowed Type 3
Saukett strain virus at the same magnification. The virus apparently con-
tains material especially opaque to electrons. The edges of the unshadowed
particle images are not clearly defined. If the shadowed and unshadowed
micrographs are compared, it will be noted that the unshadowed images
appear to be quite dense and to be approximately one-half to two-thirds
the over-all size of the shadowed particles. This electron opaque phenome-
non was first noted in particles lying in the shadows of polystyrene latex
particles and in the depressions in collodion films where they were not
reached by the shadow-casting metal. A tentative explanation of this inter-
nal particle density is available in preliminary chemical analyses of purified
Type 1 Mahoney virus; the nitrogen/phosphorus ratio of 12.5/3.0 would
indicate that poliomyelitis virus could contain as much as 30%o nucleic acid,
provided that all of the phosphorous is present in this form.
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The particles seen in Figure 3 are partially dehydrated before the
shadowing process. This is accomplished by allowing prolonged contact of
the collodion membrane with the agar after all visible evidence of surface
moisture has disappeared. One edge of the agar block is cut and the slide
with the preparation replaced in the covered dish containing "Drierite" for
30 minutes. The agar block shrinks appreciably during this interval due to
loss of moisture. The particle contours in the micrograph indicate a marked
flattening of the particles due to the osmotic withdrawal of water, and there
is an indication of the dense internal structure; in fact, an apparently rigid,
nucleus-like structure is revealed protruding above the collapsed exterior
of the particles. Comparison of Figures 2 and 3 suggests that the dense
electron-opaque image seen in Figure 2 is probably associated with the
centrally located elevated portion of the dehydrated particles shown in
Figure 3.
If the poliomyelitis virus particle is a cell-like structure surrounded by
a water-permeable membrane, it should be possible to alter the character-
istics of the external membrane by the inclusion in the media of hygro-
scopic materials such as glycerol or triethylene glycol. To test this
hypothesis a sample of the virus solution, three to four times more con-
centrated than that used to prepare the above specimens, was added to
three to four volumes of 0.25 per cent glycerol. After it has been standing
36 to 96 hours in the refrigerator, increasing numbers of the small bodies
are observed in the microscope specimens. The specimen from which
Figure 4 was taken had been in the glycerol medium four days and it will
be seen that the majority of the particles are altered, having become
smaller in diameter. They range from the nearly complete 30 m,u particles
(shown in Figs. 1 and 3) to particles having a size of the central bodies
(shown in Fig. 2). These smaller structures seen in Figure 4 probably
represent those discernible in Figure 3 protruding above the collapsed
membrane-like exterior. These particles derived from the 30 mfL virus
bodies are variable in size, but average approximately 20 mpU in diameter,
the size of the opaque central bodies of Figure 2.
In Figure 5 is seen another preparation of purified Type 1 Mahoney
strain virus prepared for electron microscopy by means of the same tech-
nique as was used for the preparation of Figure 3. The magnification is
98,000 times. The concentration of virus particles was made somewhat
higher than in Figure 3 so that there would be a greater profusion of virus
bodies on the final preparation. In this manner, it was planned that some
particles would lie in the shadows cast by others. Consistently, in such
preparations a collapsed membrane has been observed. A particle image
wholly or partially within the shadow of others is seen to have a raised
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Vol. 28, June 1956FIG. 1. Poliomyelitis virus, Type 1 (Mahoney), collodion-over-agar filtration mount.
Specimen transferred to shadower with minimum of osmotic drying, individual particles
are uniform in size (30 millimicrons) and nearly spherical. In the closely packed
array, particle diameter is about 20%7o less than that of single particles. x85000FIG. 2. Poliomyelitis virus, Type 3 (Saukett), uishadowed. The transmission particle
image is one-half to two-thirds the size of the shadowed image. Definite spacing is
observable in the closely packed arrays, and the dense elcetron-opaque image suggest
an internal nuclear-like structure. x85000FIG. 3. Poliomyelitis virus, Type 3 (Saukett), shadowed after dehydration by
allowing prolonged contact of the collodion membrane with the agar. Particles are
flattened and the dense internal structure is visible protruding above the collapsed
membranes. x85000FIG. 4. Poliomyelitis virus, Type 3 (Saukett). This virus preparation was treated
with 0.25 per cent glycerine for 96 hours. The virus has undergone changes which are
revealed in varying stages of its disintegration. Many particles approximately 20
millimicrons in diameter are visible. x85000N-1t A:.w-7 Ig: - ~ 1RA"
FIG. 5. Poliomyelitis virus, Type 1 (Mahoney), shadowed after dehydration. Particle
images in the shadows show the raised central portion surrounded by a flattened
membrane. 98000xFIG. 6. Poliomyelitis virus, Type 2 (MEF-1), practically unshadowed. A trace of
chromium was evaporated on the specimen in order to render the peripheral portions
of the particles sufficiently opaque to be imaged by the electron beam. 85000xFIG. 7. Poliomyelitis virus, Type 2 (MEF-1), preparation suspended in 1.8 per cent
ammonium benzoate, very lightly shadowed with chromium after dehydration. Particles
are flattened and the collapsed peripheral membrane structure is visible even on the
side toward the shadowing metal source. 180,000xFIG. 8. Poliomyelitis virus, Type 2 (MEF-1). Two-dimensional crystalline array
showing uniform hexagonal close packing. 75000xElectron microscopy of poliomyelitis virus TAYLOR, McCORMICK
central portion surrounded by the flattened halo-like membrane. This
external collapsed portion is more often than not obscured by the shadow-
ing metal since at most it is only 1 to 2 mfA in thickness. Also of especial
note in this micrograph is the variability of the over-all particle size and
shape. This could be due to the variability in the size of the dense internal
mass of the particles as noted in Figures 3 and 4. It has been our experi-
ence that virus particles appreciably dehydrated before shadowing reveal
this tendency toward a marked lack of uniformity in size and shape.
Very lightly shadowed preparations of dehydrated specimens, such as
described in Figures 3 and 5, have provided an additional means whereby
internal detail within poliomyelitis virus particles can be portrayed. The
negative print seen in Figure 6 is essentially unshadowed; only a trace of
shadowing metal was applied. The magnification is 85,000 times and puri-
fied virus (MEF-1 strain), suspended in 1.8 per cent ammonium benzoate
solution, was used to prepare the specimen. Evidence of compression in the
peripheral portions of the particles is seen in the close array formations
and the dense electron-opaque central structure is still revealed. Compari-
son of these transmission images with those shown in Figure 2 shows that
considerably more detail is brought out by the trace of metal coating. In
Figure 2 only the dense electron-opaque central portion of the particle is
imaged, and it appears in the close arrays that these images are distinctly
separated. In contrast, in Figure 6 virtually the entire particle is imaged;
the dense central portion is surrounded by the less opaque peripheral
structure and the spacing seen in Figure 2 is no longer evident.
The same suspension of purified Type 2 MEF-1 strain virus is used to
prepare the specimen in Figure 7. A very light chromium metal coating
was evaporated after the dehydration; magnification is 180,000 times. With
the light metal coating the collapsed peripheral membrane is visible even on
the individual particles and on the side toward the filament location in the
shadower. The compression of the outer portions of the particles is seen in
the arrays. The shadows, diffuse due to the sparseness of the metal coating,
are cast principally by the raised central portions of the virus particles.
In Figure 8 is shown a two-dimensional crystalline array formation of
purified Type 2 MEF-1 strain poliomyelitis virus. Such orderly geometric
formations (1200 angles) are found when relatively concentrated purified
virus preparations are filtered through the membranes. They must be
shadowed rather heavily in order to withstand the beam in the microscope
and although they are often seen in multiple layers, it is exceedingly diffi-
cult to obtain well-focused negatives due to thermal vibration in such
specimens.
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DISCUSSION
The use of collodion as a filtering membrane in the manner described
for the preparation and mounting of small pathogenic viruses for electron
microscopic examination has distinct practical advantages. The equipment
is simple and easily sterilized. The viruses may be handled in saline solu-
tions avoiding the drastic osmotic effects of water and nonphysiological
salt solutions.
The moisture, salt, and diffusible material present in the virus droplets
placed upon the membranes disappears rapidly, usually within four to five
minutes, into the agar below. Evaporation per se is a negligible factor in
the method described; comparable droplets placed upon glass slides take
one-half hour or more to dry. The virus particles deposited can be dehy-
drated considerably by allowing prolonged contact of the collodion mem-
brane with the agar after the visible moisture of the droplets has dis-
appeared. In earlier work, "photoflo" and other wetting agents were used
in the agar as recommended by Kellenberger, and also in the collodion
solution, but experience and practice have indicated to us that they are
unnecessary; in fact, the technique as described has yielded more consistent
results since discontinuing their use. With animal viruses in the size range
up to approximately 100 me, the method has proven useful, but with the
larger viruses, rickettsiae, and bacteria, conditions become increasingly
difficult to control, and distortions and shrinkage due to drying were
invariably encountered.
As shown in the electron micrographs, the membranes upon which the
specimens are mounted are essentially salt-free. Suspension of the viruses
in volatile salt media such as ammonium acetate or benzoate has made no
detectable improvement in the quality of the micrographs (compare Figs.
1 and 8). Furthermore, with either nonvolatile or volatile salts the degree
of hydration of the virus particles, before subjecting them to the vacuum of
the shadower, is controllable to a degree. The critical points appear to be:
(i) a "dry" agar surface with the agar itself slightly hypotonic; (ii) a
freshly prepared collodion solution; (iii) reasonably rapid transfer of the
membrane with the sample from the agar block to the specimen screen, and
(iv) a relatively oil-free shadower capable of achieving a vacuum rapidly.
The last is undoubtedly a major factor: the pumping system in this labora-
tory is comprised of a 400-liter-per-second diffusion pump with water-
cooled baffles and valving, backed with a Hypervac 23 mechanical pump;
stainless-steel wool filters in the rough pumping lines protect the bell jar
from oil fog. The system is capable of reaching a vacuum of 10-2 mm.
mercury in two to three minutes, and better than 105 mm. mercury in 25
to 30 minutes.
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The use of glycerol to alter the permeability of cellular membranes in cell
physiological studies, and as a vehicle for stains in cytology, is well known.
While the specific action of the glycerol on the surface of the poliomyelitis
virus particles is unknown, it is quite obvious that some definite change has
occurred. The effect is evident when the virus particles deposited from
glycerol media upon a collodion membrane are subjected to high vacuum,
Figure 4. However, the chemical and physical characteristics of the parti-
cles in solution remain to be determined. Whether or not the biological
activities, infectiousness, and antigenicity are retained wholly, or even in
part, by the dense internal structures here revealed is not yet known. How-
ever, 0.25 per cent glycerol did not interfere with the capacity of crude
tissue culture fluids to infect actively growing monkey cell cultures.
In closely packed arrays of poliomyelitis virus it appears that the parti-
cles in the outer areas are definitely larger than those within the packed
array (Figures 1, 6, 7, and 8). Measurement of six or more particles in
rows toward the center of such an array results in an average particle
diameter considerably smaller than the measurement obtained from indi-
vidual particles, sometimes as much as 25 per cent less in larger arrays.
Since the poliomyelitis virus particle apparently contains a dense internal
structure surrounded by a membrane, it would seem that measurements
obtained not only from arrays but especially from individual particles
should be interpreted with caution and consideration of the experimental
conditions.
Careful examination, in shadowed and unshadowed preparations, of
formations in close array and small groups of particles, especially triplets
and quartets, suggests that forces other than capillary attraction or surface
tension may be involved in bringing about the final orientation as seen in
the electron micrographs. With comparatively rigid particles, surface ten-
sion and capillarity effects would be expected to give rise to uniform tri-
angular formations where three particles are concerned. Likewise, when
four or five particles are drawn together it could be expected that a com-
paratively uniform parallelogram-like formation would result. Generally,
such is not the case as can be seen in Figures 2, 5, and 6. Distortion or
compression of the peripheral portions of one or more of the particles in
small groups or arrays seems to be the most frequent observation. This
could be due, however, to variable size and density of the internal struc-
tures of the individual particles, or variations in the degree of hydration.
Even in large crystalline arrays (Fig. 8), where the over-all effect is much
more uniform, the same type of variations are evident. In Figure 8 there is
nevertheless seen a true hexagonal orientation, the adjacent angles all
being predominantly 1200. This would suggest that poliomyelitis virus
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particles in close array are compressed into a hexagonal shape. Such con-
tinued regularity of particle arrangement in three dimensions, which we
have seen, would result in a true crystal with the individual particle poly-
hedral. Electron micrographs of poliomyelitis virus,' Coxsackie virus,2 and
human papilloma! previously published have revealed similar crystalline
array formations.
In earlier work with rabbit papillomatosis? and equine encephalomyelitis16
viruses evidence of internal structure similar to that observed here in
poliomyelitis virus (Figs. 2 and 6) was clearly indicated in transmission
electron micrographs. More recently, Melnick et al.` have presented evi-
dence that human papilloma virus particles subjected to osmotic shock, or
held for prolonged periods in aqueous suspension, appear to possess
nucleus-like internal structures. The concept of virus particles having inter-
nal bodies surrounded by membranes has been strengthened by the recent
developments at Yale8 and Columbia8 on ultra-thin sections of viruses as
they develop within cells. The recent review, "Morphology of viruses,"'
directs attention to our general lack of knowledge regarding the structure
of small viruses and points out that studies such as this must ultimately be
correlated with more direct studies of virus and host relationships.
SUMMARY
A method for the preparation of electron microscope specimens is given
in which the collodion membranes are formed on agar blocks, used as filtra-
tion membranes for the samples, and subsequently mounted on specimen
screens for examination.
The present work has led to the hypothesis that the characteristic parti-
cles of poliomyelitis virus, approximately 30 mix in diameter, are "cell-like"
structures containing a central body approximately 20,u in diameter and
a surrounding membrane.
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